Starting from trimethylsilyl enol ether of 1-acetyl-1,3,5-cycloheptatriene, the title 1,1-dimethyl-, 1,1-diethyl-and 1,1-dipropyl-1H-azulenium cations 6-8 were synthesized in five steps. The order of pK R + values of these cations was found to be 7>8>6. A comparison of the values between 1,1-dialkyl-and 1,1-spiroalkylated 1H-azulenium cations with the same number of carbon atoms at the 1-position provided the results of 7>1 and 8<3. The cation 8 shows a relatively lower pK R + value to those of 3 and 7 probably due to its slightly bulkier propyl groups from which solvation stabilization of 8 under the conditions suffers. An intermolecular charge-transfer interaction between the cations and dibenzo-24-crown-8 was also studied.
the carbon signals for the 6 and 7 positions of 6. Their UV spectra showed three bands at 224-231, 264-271 and 358-363 nm as seen in the spectra of 1-3 (Table 1, Figures 1 and 2 ). < Insert Scheme 1 and 2, Table 1 , and Figure 1 and 2>
Thermodynamic stability and reduction potentials of 1,1-dialkyl-1H-azulenium cations
Assuming equilibrium between a carbocation and its corresponding alcohol (Eq. (1)), the pK R + value can be determined, 9 which indicates thermodynamic stability for the carbocation.
R + + H 2 O ROH + H +
The pK R + values of 6-8 obtained by the UV method in 50% aqueous acetonitrile solutions were 8.6, 10.1 and 9.2, respectively ( Table 2 ). The thermodynamic stability of these cations is comparable to those of the cations 1-3 and 1,2-bicyclo[2.2.2]octanotropyilum cation (24, substituents, the value of 8 is comparable to that of 7, suggesting that stabilization by inductive and σ-π conjugative effects of the propyl groups in 8 is the same as that of the ethyl groups in 7. This is in contrast to the result in a case of 1,1-spiroalkyl-1H-azulenium cations 1-3. Specially, it is most clear when the cations with the same number of carbon atoms in the substituents at the 1-position between two series of 1,1-dialkyl-and 1,1-spiroalkyl cations are compared; 7 shows slightly greater stability than 1 based not only on the pK R + values but also on reduction potentials, though stability of 8 is less than that of. 3. Therefore, it is apparent that stabilization by inductive and σ-π conjugative effects of the alkyl group in the 1,1-dialkyl system is almost saturated up to the number of six carbon atoms.
Intermolecular charge-transfer interaction of the 1,1-substituted 1H-azulenium cations with dibenzo-24-crown-8
The tropylium cation as an acceptor shows intermolecular charge-transfer (ICT) interactions with n-donors of halide anions 14 and π-donors of aromatic hydrocarbons.
15
Benzene-substituted crown ethers are known to serve also as a π-donor and show ICT absorptions with tropylium cations. 16 As a typical example, the tropylium cation and dibenzo-24-crown-8 yielded the 1:1 inclusion complex 25. 17 We also are interested in whether the 1,1-substituted 1H-azulenium cations interact with dibenzo-24-crown-8 or not. In order to examine such possibility, measurements of 1 H NMR and UV-Vis spectra in the presence of the crown ether were carried out. The difference between the average chemical shifts of the cationic protons in the presence and absence of the crown ether is quite small as shown in Table 3 . The acetonitrile solutions containing a 1:1 mixture of the cation and the crown ether indicated clear ICT bands around 500~700 nm. However, attempts to isolate inclusion complexes have met with little success so far. These results suggest that the interaction between the azulenium cations and the benzene ring of the crown ether occurs not in the way of the cationic part sandwiched between two benzene rings of the crown ether like 25 but the cationic part with one benzene ring at the outside of the crown molecule, probably due to larger molecular sizes of these azulenium cations than that of the tropylium cation. Further -4 -study for evaluating the associate constant for complexes and interaction using crown ethers with a larger core size is the focus of current investigations.
< Insert Chart 4 and Table 3> 4. Summary
We have synthesized and characterized the 1,1-dialkyl-1H-azulenium cations 6-8 whose stability was discussed based on their pK R + values and reduction potentials. The pK R + value of the cation 8 is smaller relative to those of 1, 2, 3, and 7. This can be ascribed to its restrained solvation stabilization due to its slightly bulkier substituents. Comparison of reduction potentials of various 1H-azulenium cations suggests that stabilization by inductive and σ-π conjugative effects shows saturation up to the number of six carbon atoms in the alkyl group in the 1,1-dialkyl-1H-azulenium cations.
Experimental Sections

General
Melting points were measured on a Yanaco MP-3 and are uncorrected. IR spectra were recorded on a Perkin-Elmer Spectrum RX I spectrometer. UV spectra were measured on a Shimadzu UV-1600 spectrometer. A mixture of 1.35 g (6.52 mmol) of 11 in formic acid (7.5 ml) and phosphoric acid (7.5 ml) was heated at 90 ˚C for 4 hr. Then the resulted dark brown mixture was poured into water and extracted with ether (50 ml x 3). The combined organic layer was washed with a saturated NaHCO 3 aqueous solution and brine, and then dried over anhydrous MgSO 4 . The solvent was removed under reduced pressure and the residue was purified by column chromatography (SiO 2 , hexane-ethyl acetate (9:1) as eluent) to give 700 mg (58% yield) of 14 as a pale yellow oil.
1 H NMR (CDCl 3 ) δ 0.68 (t, J = 6.1 Hz, 6H), 1.61 (m, 4H), 2.29 (s, 2H), 2.68 (d, J = 6.5
Hz, 2H), 5.65 (dt, J = 9.9, 6.5 Hz, 1H), 6.13 (dd, J = 9.9, 5.9 Hz, 1H), 6.63 (d, J = 11.3 Hz, 1H), 6.80 (dd, J = 11.3, 5.9 Hz, 1H) ppm; 13 C NMR (CDCl 3 ) 8.5, 21.5, 31.4, 44.3, 46.6, 125.4, -6 - 127. 2, 127.9, 133.5, 136.7, 168.5, 206.0 14.6, 17.7, 21.6, 41.7, 45.7, 46.1, 125.6, 127.4, 128.1, 133.0, 136.8, 169.4, 206.4 13 C NMR (CDCl 3 ) δ  22. 6, 27.9, 51.8, 120.7, 125.2, 127.37, 127.40, 130.6, 132.8, 148.6, 8.7, 27.8, 29.0, 60.4, 120.4, 125.5, 127.1, 128.7, 133.0, 135.0, 144.9, 145.4 7, 17.4, 27.8, 38.7, 59.8, 120.4, 125.6, 127.1, 127.2, 132.4, 134.5, 145.8, 146.3 ppm; IR (KBr) 1,1-dimethyl-, 1,1-diethyl-, and 1,1-dipropyl-1H -azulenium perchlorates (6, 7, 8) To a solution of the precursor hydrocarbon (1.00 mmol) in 10 ml of acetonitrile at 0 ˚C under nitrogen atmosphere was added trityl perchlorate (1.00 mmol) in one portion. The mixture was stirred at room temperature for 1 hr. The solvent was removed under reduced pressure and the residue was dissolved in the least amount of dichloromethane. Ether was added to the solution and solids formed were collected and washed well with cold ether.
Synthesis of
6; yellow microcrystals, mp 99-100 ˚C. 166.1 (C-2), 172.1 (C-3a), 178.9 (C-8a) ppm; IR (KBr) ν max = 1490s, 1450s, 1095s, 831s, 
Determination of pK R + values
The UV spectra in various pH of 50% aqueous acetonitrile solutions were measured by exactly the same method of Komatsu et al. 11 Observed absorbance at the longest absorption maxima at 358-363 nm was ploted against pH to give a classical titration curve, whose midpoint was taken as the pK R +.
Cyclic voltammetry
A standard three-electrode cell configuration was employed using a glassy carbon disk working electrode, a Pt wire auxiliary electrode, and an Ag wire as an Ag/Ag+ quasi-reference electrode. The reference electrode was calibrated at the completion of each measurement on a saturated calomel electrode (SCE). Cyclic voltammetry was measured in an acetonitrile solution with tetrabutylammonium perchlorate as a supporting electrolyte and a scan rate of 0.1 Vs -1 at 25 ˚C. Under this conditions, ferrocene showed a half wave oxidation potential of +0.40 V vs SCE. 
